This review will focus on the telomere, and how it accomplishes its essential protective functions. The components of telomeres are reviewed first. Then, cur-
Switching of Telomeres between Two States the interaction of the telomerase RNP with telomeres
In cells containing active telomerase, although the is mediated by the RNA binding protein Est1p, which length of the telomeric DNA repeat tract in a population interacts with the essential single-stranded telomeric of telomeres is heterogeneous even within a single cell DNA binding protein Cdc13p to recruit telomerase to (Lansdorp et al., 1996) , length is normally regulated and the telomere (reviewed in Evans and Lundblad, 2000).
kept within well-defined limits (telomere homeostasis) Telomerase is minimally dimeric, with two active sites (Shampay and Blackburn, 1988 ). The following model and two functionally interacting RNAs (Prescott and has arisen from experiments described below: the Blackburn, 1997a; Wenz et al., 2001 ). The dimeric struchigher-order telomeric DNA-protein complex normally ture of telomerase might hold two chromatids or chrorapidly interconverts, in a regulated and dynamic way, mosomes together or act on two newly replicated chrobetween two physical states. One (temporarily unmatids. How the higher-order structure of the RNP helps capped) can become competent for telomerase action, coordinate telomerase action at the telomere with other and the other (capped) is inaccessible to telomerase. in vivo processes, including telomeric DNA replication, is a question of current interest.
Rounds of incomplete replication and/or degradation at , 1997b, 2000) . A promised ability to form a T-loop could underlie the notable feature of all these experiments was that the telomere uncapping that occurs in these cells, as maninew stable telomere length was considerably shorter fested by increased telomeric DNA end-to-end fusions.
than the telomere length in the control telomerase-negaConversely, deleting Ku, which binds broken DNA ends tive cells at the point when they had stopped dividing. in vitro, increases the amount of G-strand 3Ј overhang This was especially clear in the yeast experiments, detected throughout the cell cycle in yeast (Gravel et where the ability to detect individual telomeres and to al., 1998). However, while Ku knockout mice also show quantitatively monitor cell proliferation is enhanced. increased telomeric fusions and hence telomere unThese results indicated that functional rescue by telocapping, no overall change in the amount of G-strand merase can be experimentally uncoupled from net overhang was detected (Samper et al., 2000) . Therefore, lengthening of telomeres. the mechanism of the role of the single-stranded overTelomere fusions, which become prevalent as human hang in telomere capping remains a challenging problem.
fibroblast cells transformed with SV40 T antigen enter crisis (Counter et al., 1992), were also reduced by the Contributions of Active Telomerase ectopic expression of wild-type or hypomorphic teloto Telomere Capping merase constructs (Zhu et al., 1999) . This reduction was The most obvious function of active telomerase is to seen both with net telomere elongation (Counter et al., add telomeric DNA repeats to telomere ends, thus pre-1998) and net shortening (Zhu et al., 1999) . In teventing telomere length from falling low enough to cause lomerase-deleted K. lactis, recombination events beuncapping. However, recent findings have uncovered a tween the telomeric repeat tracts, which resulted in potential additional role for active telomerase. These lengthening of the tracts, increased in frequency even results were found by using telomerase alleles that were in healthy cells when the telomeres were still relatively effectively hypomorphic, in the sense that although the long (McEachern and Blackburn, 1996) . This again sugcore enzymatic activity of the telomerase was not obvigested that telomerase helps to cap telomeres, since ously altered, telomeres became stably shortened. Sevrecombination in the telomeric regions is normally reeral experiments indicated that active telomerase can pressed. permit continued proliferation of cells with short teloTo date, this function of the telomerase RNP defined meres that, in the absence of functional telomerase, by these results-the protection of very short telomeres would be unstable. Human primary fibroblasts normally from behaving as though they are uncapped-has only become manifest when telomeres shorten, and its repress telomerase activity and eventually senesce in 
